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(54) IMPLANTABLE HEART PACEMAKER 

have a greatly reduced natural or intrinsic 50 
current consumption and therefore permit the 
achievement of increased service lire. Success 
has been partial, however. 

In accordance with the above remarks, the 
invention is based mainly on the problem of 
how to provide a heart pacemaker which 
is fed by batteries of commercially-available 
types but which has, as compared with hither- 
to, employed battery-fed pacemakers, a con- 
siderably, increased service life which may be 
2 — 15 times longer. 

The invention proceeds from the realisa- 
tion that the moae of operation of battery- 
operated heart pacemakers known to us is 
uneconomical from the aspect of energy con- 
sumption, since the pacemakers operate 
during their entire duration of operation with 
a pulse strength which is so fixed at a maxi- 
mum value that even at the maximum heart 
stimulation threshold the action of the heart 
is reliably stimulated. However, it has been 
found that the stimulation threshold at which 
a stimulation pulse of (he pacemaker initiates 
the action of the heart is subjected to con- 
siderable fluctuation not only from one 
patient to another but also during the time, 
lasting many years, of use of the heart pace- 
maker. Thus the invention aims at match- 
ing the voltage (and therewith the* current 
strength) of the stimulation pulses emitted by 
the pacemaker to the particular stimulation 
threshold value, in such manner that the 
voltage of the pacemaker; pulses is for the 
most pan located only a little above the pre- 
vailing value of the stimulation threshold. 

According to the present invention, there 
is provided an implantable heart pace m a k er 
operable with a predetermined maximum 
battery voltage, comprising pulse-generating 
circuitry for supplying electrical stimulation 
pulses to stimulate heart action, a detector 
for sensing whether such heart action is 
stimulated oy successive, stimulation pulses, 
and pulse-control circuitry arranged to con- 
trol the puke-generating circuitry, in depend- 
ence upon the detector, so that, if successive 
stimulation pulses each stimulate such heart 
action, such successive pulses are supplied at 



(71). We, Siemens Aktienceseu.- 
schaFT. a German company, of Berlin and 
Munich, Germany, do hereby declare the 
invention, for which we pray that a patent 
5 may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following 
statement: — 
This invention relates to an implantable 
10 heart pacemaker for supplying electrical 
stimulation pulses to stimulate heart action. 
The operation time of a battery-operated 
- implantable heart pacemaker is restricted by 
the capacity and, consequently, for a given 
15 consumption of energy, by the service life of 
the available batteries. This makes it, in 
practice, necessary to replace the heart pace- 
maker or the batteries thereof at relatively 
short intervals of time of approximately 3 
20 to 4 wears. Since this can be effected only 
bv operation and, additionally, only with a 
risk to the patient it is accordingly desirable 
to achieve an increase in the service life of 
pacemaker batteries. Even an increase in 
25 the service life , of 20—50% (amounting, in 
conventional batteries, to an increase in 
working time of approximately 1 — 2 years) 
would, under the given drcumstances, be of 
significant value. 
30 It is therefore not difficult to understand 
why. from the commencement of the devel- 
opment of the heart pacemaker, the attempt 
has been made to employ for the operation 
of the pacemaker sou tecs of electrical energy 
35 which, whilst exhibiting the smallest possible 
dimensions and affording a high degree of 
operational reliability, have a large capacity 
and consequently a long service life, Conse- 
quently, endeavour has been concentrated on 
40 either developing entirely new sources of 
electrical energy, for example such as are 
based on the atomic principle, or improving 
the batteries already available. Whereas the 
former mode of aporoach has hitherto not 
45 yielded any considerable success, it has 
nevertheless been possible with the latter 
mode of approach to develop new types of 
batteries, the so-called lithium cells, which as 
compared with the conventional batteries 
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respective pulse voltages which are succes- 
sively less, but so that if one of ^stimu- 
lation pulses fails to stimulate such heart 
action within a predetermined period im- 
mediately following, the supply of that one 
pulse and ending before the next stimulation 
pulse is supplied, the said next stimulation 
pulse is supplied at a pulse voltage greater 
{han that of the said one of the : simulation 
pulses by an amount which, whilst sufficient 
for the said next stimulation pulse to stimu- 
late such heart action, is small in relanon to 
the said maximum battery voltage. 
Preferably, the amount by which the pulse 



approximately matched to the prevailing 
value of the stimulation threshold, so that 
over-stimulation, during relatively long 
periods of tune is avoided, the danger of the 
induction of ventricular fibrillation during the 
vulnerable phase can be avoided. 

The electronic control of the stimulation 
pulse voltage is therefore effected, in an em- 
bodiment of the invention incorporating a 
QRS-pukc detector, as a function of the 
activity of the heart, in such manner that if 
the heart action fails and, therewith no Qtp 
pulse [check-back pulse) is supplied, the volt- 
age of the following stimulation pulse is in- 
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succeeding a stimulation puke which raited, 
to stimulate the required heart action, is 
greater than the pulse voltage of the P^ftd^ 
Lag stimulation pulse is in the range from 
0.1 to 05 volts. m . _ . 

Preferably, the pulse-control circuitry of a 
heart pacemaker embodying the invention is 
adapted to respond to heart action on the 
basis of the QRS pulses triggered by the 
action of the heart. In this case, the detec- 
tor of the pacemaker is adapted to sense such 
QRS pulses and the pulse-control circuitry is 
adapted to control the pulse voltage of the 
electrical stimulation pulses such that if no 
QRS pulse is sensed, within. the above- 
mentioned predetermined period, following 
the supplv of an electrical stimulation pulse 
bv the pacemaker, the next electrical stimu- 
lation pulse supplied thereby « applied at 
i a pulse voltage greater than would otherwise 
have been the case. 

Thus, in a heart pacemaker embodying the 
invention, the voltage of tb* stimulation 
pulses can be so controlled, during the entire 
time of utilisation of the pacemaker, as a 
function of the varying stimulation threshold 
of the heart, that the pulse voltage is, without 
danger to the patient, reliably adapted to a 
value which is as far as possible close above 
the threshold value, the pacemaker supplying 
to the heart, in the form of simulation 
pulses, at least approximately only that cn- 
erev which is iust necessary for maintaining 
thf action of the heart. In this manner, 
there can be achieved as a function of the 
stimulation threshold, in ccmtradistinction to 
what takes place with battery-fed pace- 
makers known to us. an average increase in 
the service life of the battery and therewith 
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stimulation threshold value, thereby bringing 
about contraction of the heart. At the same 
time however, the amount by which the 
voltage of this following stimulation pulse is 
greater than the voltage of the preceding 
pulse is small in relation to the maximum 
battery voltage used to operate the pace- 
maker. The stimulation pulse voltage is 
controlled so that the pulse voltage of suc- 
cessive stimulation pulses decreases from a 
maximum value (generally approximately 4 
to 7 volts) in small stages until it falls below 
the stimulation threshold value and a QRS 
pulse (check-back pulse) is not emitted, 
whereupon the stimulation pulse voltage is 
once again stepped-up above the stimulation 
threshold value. Thus, in such a pacemaker 
automatic correction of the pulse voltage of 
the stimulation pulses is effected as a fame, 
lion of the particular suraulation threshold 1W 
at any time. , . . 

Generally, with a pacemaker embodying 
the invention the rate at which summation 
pulses arc supnlied thereby is determined by 
z pulse train produced by a battery-operated 105 
pulse generator forming part of the pulse- 
generating circuitry of the pacemaker. Such 
a pulse train raav be employed to control the 
operation of discharge control means of the 
pulse-generating circuitry so that a puking no 
capacitance thereof under the control of the 
discharge control means is discharged suc- 
cessively, at a repetition rate determmed by 
the pulse repetition rate of the pulse tram 
from the generator, thereby to produce a U5 
train of stimulation pulses. So that succes- 
sive stimulation oulses may be of progres- 
sively decreased suength, the r>ulsin| 
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ThT^vicTlLfe of the battery and therewith capacitance may be arranged to be ^barged 
the service lire oi me tJ - b y a charging capacitance itself charged by i*> 

then he alternately discharged by the rhs- ^ 
charge control means and charged by pie 
charging capacitance at the pulse repetition 
rate of the pulse train from the generator, 
the charging capacitance itself not being re- 
charged, having previously been charged w 
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pacemaker considerably but also to increase 
ft to such an extent that, in many cases, re- 
placement of the pacemaker (or batteries 
therefor) and the operation necessary for 
this purpose may be superfluous. Since, m 
a heart pacemaker embodying the invention, 
the pacemaker stimulation pulses can be 
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from the charging means, until, because of 
the progressive drop in voltage accompany- 
ing successive discbarge of the charging 
capacitance, that voltage and consequently 
the voltage of the pulsing capacitance fall 
below the stimulation threshold value. When 
this stage is reached the charging capacitance 
is charged by the charging means so that the 
next stimulation pulse produced by the next 
discharge of the pulsing capacitance has a 
voltage above the stimulation threshold 
value. To achieve this, the pulse-control cir- 
cuitry of the pacemaker may include current 
blocking means connected between the 
charging means and the charging capacitance 
and arranged under the control of the QRS- 
pulse detector icferred to above. Thus, when 
the stimulation pulse voltage falls below the 
stimulation threshold value prevailing at the 
20 time in question no QRS pubc (check-back 
puke) is sensed within a predetennined 
period within which such a QRS pulse would 
normally have been expected^ accordingly, 
the current blocking means, which previously 
inhibited charging of the charging capacit- 
ance by the charging means, are caused, in 
response to the absence of the QRS pulse, 
to permit recharging of the charging capa- 
citance for a controlled period of time. It ts 
advisable to select the value of the charg- 
ing capacitance to be approximately 20 to 
100 times greater and, preferably. 40 to 80 
times greater than that of the pulsing capa- 
citance. 

The current blocking means may comprise 
a mono stable multivibrator and a bistable 
multivibrator that respectively have inputs 
connected to receive the pulse train from 
the pulse generator and respectively have 
outputs connected to inputs of an. dectrooic 
gate arranged to control the connection of 
the charging means to the charging capacit- 
ance in dependence upon input signals which 
the gate respectively receives at its inputs 
from the multivibrators, the bistable multivi- 
brator having a 'further input connected so 
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age through this resistance. The time con- 
stant of the mono stable multivibrator is ex- 
pediently approximately 150 to 250, and pre- 
ferably 170 to 220, inilliseconds, so that the 
monostable multivibrator does not supply, at 
its output, a triggering signal to the gate until 
a triggering signal emitted by the bistable 
multivibrator in response to a QRS pulse 
becomes effective on the site. 

A heart pacemaker embodying the inven- 
tion may be constructed as a demand pace- 
maker without any noteworthy additional 
outlay. For this purpose, such a pacemaker 
has a pubc generator which is connected so 
that the operation thereof is controlled in 
dependence upon whether or not successive 
QRS pulses arc respectively sensed by a 
QRS- pulse detector of the pacemaker with- 
in a predetermined period unmediatcry fol- 
lowing the supply of respective successive 
stimulation pulses by the pacemaker; further, 
the pacemaker in mis case has a charging 
capacitance which in addition to its other 
connections is connected to the above-men- 
tioned charging means through a high resist- 
ance (for example of the order of tens of 
megohms, say 30 M fl) so as to prevent the 
voltage across the charging capacitance from 
falling off in the event of a relatively long 
interruption of heart action stimulation. 
Where the detector includes an amplifier 
such as mentioned above, the output there- 
of can for example be connected by a control 
line to a control input of the pulse generator, 
thereby to provide a feedback line (or switch- 100 
ing in the generator if no QRS pulse is re- 
ceived within the predetermined rime inter- 
val 

For a better understanding of the inven- 
don, and to show how it can be carried into 105 
effect, reference will now be made, by way of 
example, to the accompanying schematic cir- 
cuit diagram of an implantable heart pace- 
maker embodying the invention. 

The illustrated heart •pacemaker has a 
pulse generator 10 which is adapted to sup 
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as to rcceivTa pulse every time a QRS pulse ply a pulse tram at a pube repetition rate of 
■is sensed bv the detector. The detector may 70 pulses per minute from an output A u the 

comprise a receiver, for example a heart pulses of the train being square wave pulses 
probe, for receiving QRS pulses and, con- having a pulse duration of 1 msec Hie pulse 115 
nected therewith, an amplifier for delivering generator 10 is driven by a battery, prefer- 
the received QRS* pulses in amplified form ably a lithium battery, providing a maximum 
at an output thereof ; the further input of the battery voltage of 6 volts. For this jwrpose, 
above-mentioned bistable multivibrator can current supply inputs E x and E, of the gene- 
then simply be connected to the output of the rater 10 are connected to operating battery i/u 

- * - - ! — *■ — voltages of IJS and 6 volts respectively. The 

output A» of the pulse generator 10 is con- 
nected via a series resistance 11 to the base 
of a control transistor 12 in the emitter-col- 
lector circuit of which there' is co nnecte d a 125 
stimulation or pulsing capacitance 13 of for 
example 5 uF. The emitter-collector circuit 
of the transistor 12 is thus tendered conduc- 
tive for a short period by successive pulses 
from the pulse generator 10. The pulsing 130 



amplifier. As a means of ensuring that the 
amount by which the pulse voltage of a sti- 
mulation pulse, following a stimulation pulse 
which failed to stimulate heart action, ex- 
ceeds the puke voltage of the proceeding 
stimulation pulse is small in relation to the 
maximum battery voltage, a resistance maj 
be connected between the charging capaci- 
tance and the electronic gate so that this 
capacitance is charged from the battery volt- 



BEST AVAILABLE COPY 



SJMDE 0035164 



f 
i 



1.40U47 



14 wnwn, ™ °P™"T" - s_..i.£j When the pulse via the prooe 14 to the heart. 

TJ « dfata^S *2 "5Se M tJon ot the voltage a, Ac charging capaat- 
"JTS^MfcJft? altSart^ r«5*e is ance 15. which falU off with increasmg d* 
and the t^*^. a *^* l ^ a p "^T d, ar an g until die voltage at the pulsing cap- 
accordingly applied to £eteut * avoKage cngo. of the 

depending upon the voltage across tne capa »" u.j - ...iT.. ,„v.vk 
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citance 13. Thus as successive pulses arc 
R enerated by the generator 10. stimulation 
pulses are applied successively to the heart 
at the same rate as the generator pulses are 

emitted. . . 

Connected with the capacitance 13 is a 
charging capacitance 15 the value or which 
is substantially larger than that of the capa- 
chance 13 and is. in this case, for example 
330uF. The charging capacitance 15 charges 
the pulse capacitor 13 via a resistance 16 of 
for example 6 kilohm, in each interval be- 
tween two successive stimulation pulses, te. 
everv time the emitter-collector circuit of the 
transistor 12 connected in the discharge cir- 
cuit of the capacitance 13 is rendered non- 
conductive. . 
" The heart pacemaker is provided with a 
second probe 17, connected to the heart, via 
which QRS pulses produced when the heart 
is active are sensed as check-bade or rever- 
live signals. The probe 17 is connected to an 
electronic amplifier 18 having current inputs 
E, and E* connected to battery voltages of 
li and 6 volts respectively. In the amplifier, 
the QRS pulses are amplified in stages to a 
voltage of 6 volts and delivered at an out- 
put A,. The output A, of the amplifier 18 is 
connected to one input I, of a bistable multi- 
vibrator 19 having "an input E- connected to 
an operating voltage of 6 volts, a second m 



Stimulation pulses has reached a value which 
is below the stimulation threshold of the 
heart and therefore triggers no heart action. 
In this case, no QRS signal can be received 
via the heart probe 17. The result of this is 
that, via the multivibrators 19 and 20, roe 
gate 22 is reversed and therewith the charg- 
ing capacitance 15 is charged via the diode 
23 and the resistance 24 from the battery 
voltage of 6 volts. The voltage at the capaci- 
tance 15 and consequently also at the capaci- 
tance 13 is thus once again increased suffi- 
ciently for the next stimulation pulse to be 
above the stimulation threshold. 

The pulse generator 10 supplies, via its 
output square-wave pulses to the mono- 
stable multivibrator 20, so that with each 
pulse a positive voltage is applied to the in- 
put E of this multivibrator, which has a time 
constant of 200 msec. Thus, after expiry of 
a delav time of 200 msec, the multivibrator 
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20 supplies a negative pulse at the output A 
and therewith to tat input X- of the gate 22. 
Simultaneously, the square wave pulses are 
supplied to the input I- of the bistable multi- 
vibrator 19, so that for each such pulse a 
negative voltage is established at the output 
A. of the bistable multivibrator, and there- 
with at the input X t of the gate 22, provided 
that there is no amplified (6 volt) QRS-pulse 
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an operating voltage of 6 volts, a second m- »nw £ «> « KTbtob te muEhSS or 105 
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to an output A. of the pulse generator 1U 
Also connected to the output A- is one input 
E of a monostable multivibrator 20 having a 
further input E, connected to a battery volt- 
age of 6 volts. The bistable multivibrator 19 
and the monostable multivibrator 20 respec- 
tively have outputs A and A which are res- 
pectively connected to control inputs X» and 
X, of a NOR gate 22 having an output X, 
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19. In this latter case, the multivibrator 19 is 
so triggered that a positive potential builds 
up at its output A. 

The delay time of 200 msec corresponds 
to the maximum time interval between a i iu 
stimulation pulse and the heart action trig- 
gered thereby. If. within 200 msec after emis- 
sion of a pulse at the outputs A, and A, of 
the pulse generator 10. no heart action takes 
V of « NOR taie 22 bavins an output ^ place and thus no QRS-pulse is received by "5 
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ancc 15 cannot fall oS to any noteworthy 
degree. The feedback line 25 ensures that 
the pulse generator 10 is always switched 
into operation if at the probe 17 no QRS 
signal indicating heart action is received . 

It will be appreciated that the entire elec- 
tronic portion of the pacemaker may be en- 
capsulated in a casting composition, such as 
for example epoxy resin or silicone rubber. 
The expression "QRS pulse" as used herein 
extends to what is sometimes termed the 
"QRS complex". 

. WHAT WE CLAIM IS: — 

I. An implantable heart pacemaker oper- 
______ able with a predetermined maximum battery 

toe ^ 2r^«Dsequmtly r the voltage voltage,. comprising pt^-generata S cinatitry 
ScreVse irthT^argm?c a pacitance 15. (In &>; supplying electrical snmulauon pulses to 
m 5 - - • — * stimulate heart action, a detector for sensing 

whether bean action is stimulated by succes- 
sive stimulation pulses, and pulse-control cir- 
cuitry arranged to control the pulse-generat 



which does not take place, by a step of for 
example approximately 0.1 to Oi volts. Con- 
sequently, tne pulse voltage of the stimula- 
tion pulse following a stimulation pulse 
which failed to stimulate heart action will 
be greater than the pulse voltage of the pie- 
ceding stimulation pulse by an amount (eg. 
0.1 to 05 volts) which is small in relation to 
the maximum battery voltage of 6 volts from 
which the capacitance 15 is charged by way 
of the gate 22 and the line 21 when the gate 

11 iScHQRS pulse at the input I, of me bi- 
stable multivibrator 19 has the effect that the 
output A thereof becomes positive and, 
therewith, the gate 22 remains blocked. Thus, 
the QRS pulse suppresses the change-over of 



25 



the absence of such a QRS pulse, the simul- 
taneous appearance of the signal supplied 
by the pulse generator to the input I s of the 
bistable multivibrator 19 and the signal of 
the monostablc multivibrator 20 would result 
in such a changeover). The QRS signal trig- 
gers the bistable multivibrator 19 back, be- 
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. fore the output A of me monostablc multi- 
vibrator 20 becomes negative, after expiry of 
30 the 200 msec. The time constant of the 
monostablc multivibrator 20 is therefore so 
dimensioned that the delay interval (approxi- 
mately 170 — 220 msec) is in every case 
longer than the time interval between stimu- 
35 lation and change-over of the bistable multi- 
vibrator by the' QRS pulse, if produced. . 

It is advisable to set the duration of the 
pulses supplied at the output A- of the pulse 
generator 10 to be longer than the pulse 
40 duration at the output A tl in order that it 
may be ensured that a pulse is still applied 
to the input I. of. the bistable multivibrator 
19 when a return pulse which might be trig- 
gered by a stimulation pulse and which might 
produce the erroneous impression that a 
QRS pulse is being supplied, has already 
decayed at the input J, of the. multivibrator 
19. The increase of the pulse duration to for 
example 10 msec at the output A, of the 
pulse generator can readilv dc effected by 
connecting a capacitance into the circuitry 
of the generator. . 

Tbe illustrated heart pacemaker can readuy 
be modified so as to be a demand pace- 
maker. For this purpose, it requires only the 
introduction of a feedback line 25 (shown 
in broken lines in the drawing) between the 
output A, of amplifier 18 and a control in- 
put of the pulse generator 10, and of a feed 
line 26 which is connected to a positive bat- 
tery voltage of tbe pacemaker oattery and 
contains a resistance 27 whose value is so 
adjusted at for example 30 M A that, even 
in the event of relatively long stimulation 
65 pauses, the voltage at the charging capacit- 
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ing circuitry, in dependence upon the detec- 
tor so that, if successive stimulation pulses each 90 
stimulate such heart action, such successive 
pulses are supplied at respective pulse volt- 
ages which are successively less, but so that 
if one of the stimulation pulses fails to sti- 
mulate such heart action within a predeter- 95 
mined, period immediately following the sup- 
ply of that one pulse and ending before the 
next stimulation pulse is supplied, the said 
next stimulation pulse is supplied at a pulse 
voltage greater than that of the said one of 100 
the. stimulation. pulses by an amount which, 
whilst sufficient for the said next stimulation 
pulse to stimulate such heart action, is small 
in relation to the said "maximum battery volt- 
age. 105 

2. A pacemaker as claimed in claim 1, 
wheerin tne said amount is in the range from 
0.1 to 0.5 volts. 

3. A pacemaker as claimed in claim 1 or 
2, wherein the pulse-generating circuitry 110 
comprises a battery-operated pulse generator 
adapted to produce a pulse train determining 
the rate at which the said electrical stimula- 
tion pulses are supplied, a pulsing capacit* 
ance successive discharge of which is adapted 115 
to produce the said electrical stimulation 
pulses, discharge control means connected 
to receive tbe said pulse train and adapted 
to bring about successive discharge of the 
said puking capacitance at a repetition rate 120 
determined by tne pulse repetition rate of the 
said puke train, a charging capacitance 
which is of greater value than tbe said puls- 
ing capacitance and is connected to charge 
the said pulsing capaci ta nce, and charging 125 
means for charging the said charging capa- 
citance. 

4. A peacemaker as claimed in claim 3, 
wherein the value of the said charging capa- 
citance is in the range from 20 to 100 times 130 
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greater than the value of the said pulsing 
capacitance. 

5. A pacemaker as claimed in claim 4, 
wherein the value of the said charging capa- 
citance is in the range from 40 to 80 times 
greater than the value of the said pulsing 
capacitance. 

6. A pacemaker as claimed in claim 3, 
4 or 5, wherein the said detector is adapted 
to sense QRS pulses and wherein the said 
pulse-control circuitry includes current block- 
ing means connected between the said charg- 
ing means and the charging capacitance, the 
current blocking means being controlled by 
the said detector so as to inhibit charging of 
the said charging capacitance if a QRS pulse 
is sensed by the said detector within the said 
predetermined period immediately following 
the supply of each successive electrical si- 
mulation pulse by the pacemaker but to per- 
mit such charging for a controlled period of 
time in the event that no QRS pulse is sensed 
within the said predetermined period. 

7. A pacemaker as claimed in claim 6, 
wherein the discharge control means are ad- 
apted to bring about successive discharge of 
the said pulsing capacitance at a repitiuon 
rate equal to the pulse repetition rate of the 
said pulse train. 

8. A pacemaker as claimed in claim /, 
wherein the current blocking means comprise 
a monostable multivibrator and a bistable 
multivibrator that respectively have inputs 
connected to receive the said pulse train and 
respectively have outputs connected to inputs 
of an electronic gate of the current blocking 
means, the electronic gate being arranged to 
control the connection of the said charging 
m eans to the said charging capacitance in 
dependence upon input signals which the 
gate respectively receives at the said inputs 
thereof from the multivibrators when the 
pacemaker is in use, the bistable multivibra- 
tor having a further input connected so as to 
receive a pulse every time a QRS pulse is 
sensed by the said detector. 

9. A pacemaker as claimed in claim 3, 
wherein the detector comprises a receiver 
lor receiving such QRS pulses and, con- 
nected with the receiver, an amplifier for de- 
livering the received QRS pulses in ampli- 
fied form at an output thereof. 



10. A pacemaker as claimed in claim 9, 
wherein the said further input of the bistable 
multivibrator is connected to the said output 55 
of the amplifier. ^ . • 

11. A pacemaker as claimed in claim 8, 
9 or 10, wherein a resistance is connected 
between the said charging capacitance and 
the electronic gate in such a manner that the 60 
charging capacitance is charged through the 
said resistance when the pacemaker is in 
use. 

12. A pacemaker as claimed in any one 
of claims 8 to 11, wherein the monostable 65 
multivibrator has a time constant in the 
range from 150 to 250 msec. 

13. A pacemaker as claimed in claim 
12, wherein the monostable multivibrator has 
a time constant in the range from 170 to 220 70 
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14. A pacemaker as claimed in any one 
of claims 3 to 13, being a demand pace- 
maker, wherein the charging capacitance is 
additionally connected to the said charging 7d 
means through a high resistance and the 
pulse generator is connected so that the 
operation thereof is controlled in dependence 
upon whether or not successive QRS pulses 
axe respectively sensed by the detector with- 80 
in the said predetermined period immediately 
following the supply of respective successive 
electrical stimulation pulses by the pace- 

15. A pacemaker as claimed in claim 14 35 
when read as appendant to claim 9 or 10 or 
to claim 11, 12 or 13 when read as append- 
ant to daim 9 or* 10, wherein the said output 
of the amplifier is connected via a control 
line to a control input of the pulse generator. 90 

16. A pacemaker as claimed in claim 14 
or 15, wherein the said high resistance is of 
the order of tens of megohms. 

17. A pacemaker as claimed in dam 15, 
wherein the said high resistance is substan- 95 
tially 30 megohms. 

18. An implantable heart pacemaker, 
substantially as hereinbefore described with 
reference to the accompanying drawing. 

HASELT3NE. LAKE & CO, 
Chartered Patent Agents, 
28 Southampton Buildings, Chancery Lane, 
London. WC2A 1AT- 
Agents for the Applicants. 
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